Characterization of a multifunctional PEG-based gene delivery system containing nuclear localization signals and endosomal escape peptides.
Endosomal escape and nuclear localization are two barriers to gene delivery that need to be addressed in the design of new nonviral gene delivery vehicles. We have previously synthesized low-toxicity polyethylene glycol (PEG)-based vehicles with endosomal escape functionalities, but it was determined that the transfection efficiency of PEG-based vehicles that escaped the endosome was still limited by poor nuclear localization. Two different nuclear localization signal (NLS) peptides, SV40 and TAT, were coupled to PEG-based vehicles with DNA-binding peptides (DBPs) to determine the effect of NLS peptides on the transfection efficiency of PEG-based gene delivery vehicles. Coupling one SV40 peptide, a classical NLS, or two TAT peptides, a nonclassical NLS, to PEG-DBP vehicles increased the transfection efficiency of PEG-DBP/DNA particles 15-fold and resulted in similar efficiency to that of a common cationic polymer vehicle, polyethylenimine (PEI). The transfection efficiency of both types of PEG-DBP-NLS particles was further increased 7-fold in the presence of chloroquine, suggesting that the transfection efficiency of PEG-DBP-NLS particles is limited by their ability to escape the endosome. To develop particles that could escape the endosome and target the nucleus, a mixture of PEG-DBP-NLS vehicles and PEG-based vehicles with DBPs and endosomal escape peptides were complexed with plasmid DNA to form multifunctional particles that had a transfection efficiency 2-3 times higher than that of PEI. Additionally, the PEG-based vehicles were less toxic and more resistant to nonspecific protein adsorption than PEI, making them an attractive alternative for nonviral gene delivery.